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The unique feature of surface states in topological insulators is the so-called “spin-momentum
locking”, which means that electron spin is oriented along a fixed direction for a given momentum
and forms a texture in the momentum space. In this work, we study spin textures of two typical
topological insulators in Hg-Based Chalcogenides, namely HgTe and HgS, based on both the first
principles calculation and the eight band Kane model. We find opposite helicities of spin textures
between these two materials, originating from the opposite signs of spin-orbit couplings. Further-
more, we reveal that different mirror Chern numbers between HgTe and HgS characterize different
topological natures of the systems with opposite spin textures and guarantee the existence of gapless
interface states.
PACS numbers: 71.70.Ej, 73.20.-r, 73.21.-b, 71.18.+y, 03.65.Vf, 73.43.-f
Introduction - A recent discovery in condensed matter
physics is the theoretical prediction and experimental ob-
servation of time reversal (TR) invariant topological insu-
lators (TIs)[1–4]. TR invariant TIs are insulating in the
bulk, similar to ordinary insulators. However, their sur-
faces possess conducting channels, of which the gapless
nature is protected by TR symmetry. The topological
surface states (TSSs) are unique in the sense that their
spin direction is locked to the momentum, forming a heli-
cal structure in the momentum space. Thus, the TSSs of
TIs are also dubbed “helical metals”[5]. The helicity of
spin texture is usually left-handed for various materials,
such as Bi2Se3 family of materials[6]. It has been shown
that the left-handed spin textures in the Bi2Se3 family
can be directly related to the atomic spin-orbit coupling
(SOC) [7, 8]. Therefore, it is natural to ask if the re-
lationship between spin textures and SOC is general or
not. In addition, it has recently been shown that mirror
Chern numbers[9, 10] can distinguish different topolog-
ical natures of TIs with opposite spin textures, leading
to topologically protected interface states and unusual
transport behaviors[11]. Thus, it is desirable to find re-
alistic TI materials with right-handed spin textures.
In this letter, we investigate spin textures, as well as
mirror Chern numbers, of topological states in Hg based
Chalcogenides, mainly focusing on HgTe and HgS. In par-
ticular, based on the first-principles calculation, we find
that although both materials are TIs with a single Dirac
cone at one surface, the helicities of spin textures are op-
posite between HgTe and HgS. The physical origin is due
to the opposite signs of SOC in these two materials, which
can be understood from the eight band Kane model. We
show that mirror Chern numbers are different in these
two materials and distinguish them into different topo-
logical phases. Furthermore, we confirm their different
topological natures by directly calculating topologically
non-trivial gapless states at the interface between HgS
Γ6
Γ8
Γ7
Δso
Γ6
Γ8
Γ7
Δso
HgTe HgS
(010)
x
(001)
y z
Hg
Te(S)
(100)
FIG. 1: (Color online) Zinc-blende crystal structures and elec-
tronic structure for HgTe and HgS. The blue plane indicates
the mirror plane for the (011) mirror symmetry. The band
alignment of Γ8 bands and Γ7 bands is opposite for HgTe and
HgS due to the opposite sign of the SOC parameter ∆so.
and HgTe. The relationship between mirror Chern num-
ber and spin textures allows us to utilize spin textures
as a simple and natural approach to distinguish topolog-
ical phases with different mirror Chern numbers in the
first-principles calculation.
Spin textures for HgTe and HgS - HgTe and HgS are
II-VI compound semiconductors with zinc-blende crystal
structures, as shown in Fig. 1. Their band structures ex-
hibit a band inversion at the Γ point, which induces the
TI phase in both compounds [12–15]. The band inver-
sion occurs between Hg-s and Te-p (S-p) bands for HgTe
(HgS) near the Fermi energy. According to the symme-
try of the wave function, Hg-s bands are labelled as Γ6
bands and Te-p or S-p bands split into Γ8 (j = 3/2) and
Γ7 (j = 1/2) bands due to the SOC. The first-principles
calculation shows that s-orbital-like Γ6 bands lies below
p-orbital-like Γ8 (Γ7) bands in HgTe (HgS), leading to
the inverted band structures. The sequence of Γ8 and Γ7
bands, which is determined by the so-called SOC split-
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2ting, as denoted by ∆so in Fig. 1, are opposite for these
two materials. HgTe exhibits a normal SOC splitting, i.e.
Γ8 (j = 3/2) bands are above Γ7 (j = 1/2), so that light-
hole and heavy-hole bands of Γ8 states form the lowest
conduction band and highest valence band, respectively.
Because of the cubic symmetry, the light hole and heavy
hole bands are degenerate at the Γ point, yielding a zero
energy gap in HgTe (semi-metal phase). In contrast, HgS
shows a “negative” SOC splitting [15, 16], in which Γ8
bands are below Γ7 band. Thus, the valence and conduc-
tion bands are formed by Γ8 and Γ7 bands, respectively,
with a non-zero energy gap. In order to reveal TSSs for
both compounds, we performed density-functional the-
ory band structure calculations within the local-density
approximation (LDA) framework, which is implemented
in the Vienna Ab-initio Simulation Package (vasp) [17].
Surfaces were simulated in a slab model with the sur-
face normal along the x direction based on maximally
localized Wannier functions [18] that extracted from the
first-principles calculation on bulk materials. The top
and down surfaces of the slab were terminated by Te (S)
atomic layers for HgTe (HgS) as a boundary condition,
which accommodates simple surface states (see below).
In order to open an energy gap of HgTe, we applied a
compressive strain of 5% along the x axis. The calcu-
lated surface band structures are shown in Fig. 1. For
both HgTe and HgS, gapless surface states with linear
dispersions that form a single Dirac cone in the surface
Brilloun zone exist on the top or bottom surface for both
materials, as seen in Fig.2 (a) and (b). The TSSs on the
top and bottom surfaces show different dispersions be-
cause of the lack of inversion symmetry in the zinc-blende
lattice. From the Fermi surface plot, one can find that
the TSSs of HgTe are anisotropic in the surface ky − kz
plane, while those of HgS are relatively isotropic. The
spin of the TSSs mainly lies in the surface plane while a
small amount of the x-direction spin is also found. The
in-plane spin components of the TSSs form a texture, as
shown on the Fermi surface in Fig. 2. We find that the
upper Dirac cone of the top surface displays a left-handed
spin texture for HgTe, similar to that in Bi2Se3 family of
materials, while the spin texture of HgS is right-handed.
Since the essential difference between HgTe and HgS is
the opposite SOC splitting, it is natural to expect that
the opposite spin textures are related to SOC, which will
be analyzed in details below.
Since all the relevant physics occurs near the Γ point
for both HgTe and HgS, we can adopt the eight band
Kane model, which is a standard model to describe II-
VI and III-V semiconductors with the zinc-blende or dia-
mond structures[19, 20], to analyze spin textures in these
systems. The details of the Kane model are described
in the appendix[21]. We calculate the energy disper-
sion of HgS and HgTe in the slab configuration along
the x direction with the Kane model. TSSs with a sin-
gle Dirac cone are found inside the band gap for both
FIG. 2: (color online) Band structures for (a) HgTe and (b)
HgS by first-principles calculation. The surface Brilloun zone
is the ky−kz plane and the band structure is shown along one
third of Γ −−Y and Γ − Y lines. Solid red and gray dashed
lines indicate the top and bottom surface states, respectively.
The band alignment of the bulk band structure and the spin
texture of the upper surface Dirac cone on the top surface
are illustrated on the left and right insets, respectively. For
HgTe, 5% uniaxial strain is applied to open the bulk energy
gap. The gray shadow region represents the projection of bulk
states.
HgS and HgTe. Furthermore, we numerically calculate
spin textures of TSSs, which are left-handed for HgTe
and right-handed for HgS. All the results are in good
agreement with those from first-principles calculations.
As described above, the main difference between HgTe
and HgS is the opposite alignment between the Γ8 and
Γ7 bands. In the Kane model, the band sequence is con-
trolled by the SOC parameters ∆so. To understand the
relationship between spin textures and SOC, we check
the energy dispersion and spin textures by tuning the
SOC parameter ∆so, but keeping all the other parame-
ters fixed. We have checked the spin orientation at the
momentum k0 = (0, 0.02, 0)A˚
−1 as a function of ∆˜so, as
shown in the Fig. 3(a). Here we have re-define SOC
parameters as ∆˜so = ∆so + axx where axx describes
the energy shift of the Γ8 bands due to the x-direction
strain [20]. ∆˜so reflects the energy difference between
|Γ8,± 32 〉 bands and |Γ7,± 12 〉 bands. It is clear that the
spin orientation changes its direction when the band se-
quence of |Γ8,± 32 〉 and |Γ7,± 12 〉 bands is reversed. This
calculation confirms that the helicity of spin texture is
determined by the SOC parameter ∆so. In addition, we
decompose the wave functions of surface states into the
basis of the eight band Kane model and observe that
the main contributions to TSSs near Γ point are from
|Γ6,± 12 〉 and |Γ8,± 32 〉 (|Γ7,± 12 〉) bands for HgTe(HgS),
shown in Fig. 3(b). One may notice that the |Γ8,± 12 〉
band also contributes to surface states in HgTe. How-
ever, the |Γ8,± 12 〉 band is occupied for both HgTe and
HgS. Thus, this band is not important for topological
distinction between these two materials. Therefore, we
will study an effective four band model with the basis
|Γ6,± 12 〉 and |Γ8,± 32 〉 (|Γ7,± 12 〉) for HgTe (HgS) below.
Mirror Chern number and Topological interface states
3FIG. 3: (Color online) (a) The expectation value of the
z-direction spin (Sz) at the momentum (ky = 0.02A˚
−1) is
plotted as a function of the SOC parameter ∆˜so for the top
surface of the slab along the x direction. The red dots, blue
squares and black circles represent total spin, s orbital con-
tributed spin and p orbital contributed spin, respectively.
(b) Wave function components of TSSs at the momentum
(ky = 0.02A˚
−1) are plotted as a function of ∆˜so for the top
surface. Different colors are for different wave function com-
ponents. All the calculations in this figure are done with the
Kane model.
- Next we would like to study more carefully how the
SOC determines spin helicities of TSSs in TIs. In addi-
tion, one may ask if the difference in spin textures has
any topological meaning. Below we will show that these
two materials are topologically distinguished by opposite
mirror Chern numbers. Thus, a robust gapless state ex-
ists at the interface between HgTe and HgS.
The zinc-blende crystal structure of HgTe or HgS has
the mirror symmetry with respect to (011) and (011¯)
planes, which is preserved for the slab along the [100]
direction, as illustrated in Fig. 1. Correspondingly,
the Hamiltonian of the Kane model is invariant under
these symmetry operations. To simplify our analysis, we
take the isotropic approximation for the Kane model and
choose [011] and [011¯] as the z and y axis in Fig. 1, respec-
tively. In this coordinate system, the Kane model is in-
variant under the mirror operationMz along the z direc-
tion (MzHKane(kx, ky, kz)M−1z = HKane(kx, ky,−kz)).
Therefore, at the kz = 0 plane, HKane commutes with
Mz and all the eigen states can be classified by mirror
parity of Mz, which takes the value of ±i after taking
into account spin. Furthermore, one can easily show that
the basis of the Kane model also have definite mirror par-
ity of Mz. Correspondingly, the Hamiltonian is block
diagonal at the kz = 0 plane, with each block labelled by
mirror parity. Since TR operation can change mirror par-
ity from +i to −i, these two blocks can be related to each
other by TR symmetry. Therefore, we only need to inves-
tigate one block. Let us consider topological properties of
the block with the mirror parity +i, which is consisted of
the basis |Γ6, 12 〉, |Γ8, 32 〉, |Γ8,− 12 〉 and |Γ7,− 12 〉[21]. As
shown in Fig. 4(a), for the mirror parity +i, the con-
duction band of HgTe is consisted of the |Γ8, 32 〉 band
while that of HgS consisted of the |Γ7,− 12 〉 band. (Here
the |Γ8, 12 〉 band is neglected for the reason mentioned
above. ) This difference turns out to result in different
mirror Chern numbers in HgTe and HgS. To see this, we
may consider the low energy effective theory. For HgTe,
we focus on the basis |Γ6, 12 〉 and |Γ8, 32 〉 bands and the
corresponding Hamiltonian is given by
H+i,HgTe =
(
T − 1√
2
Pk+
− 1√
2
Pk− U − V + axx
)
(1)
where the expressions U , T , V , P and axx are defined
in the appendix[21]. It should be noted that the upper
off-diagonal part of the Hamiltonian is proportional to
k+, originating from the fact that the total angular mo-
mentum of the |Γ8, 32 〉 band is larger by 1 than that of
the |Γ6, 12 〉 state. This two band model, which has been
well studied in Ref. 22, is topologically non-trivial with
the Chern number -1. Once the Chern number for the
block with mirror parity +i is obtained, the mirror Chern
number, defined as nM = (n+i−n−i)/2, can be easily cal-
culated as −1. Therefore, we conclude that HgTe is not
only a TI, but also a mirror Chern insulator with the mir-
ror Chern number nM = −1. For HgS, we consider the
effective model consisted of |Γ6, 12 〉 and |Γ7,− 12 〉 bands.
We notice that the |Γ8, 32 〉 band is above the |Γ6, 12 〉 band
and more close to energy gap in realistic HgS (See Fig.
1 or 4(a)). However, since both bands are occupied, the
interchange between them has no influence to topologi-
cal properties of the system. The effective Hamiltonian
is written as
H+i,HgS =
(
T − 1√
3
Pk−
− 1√
3
Pk+ U −∆so
)
. (2)
Different from the case in HgTe, the upper off-diagonal
term for this Hamiltonian is proportional to k− because
the total angular momentum of the |Γ7,− 12 〉 band is
smaller by 1 than that of |Γ6, 12 〉. Correspondingly, the
Chern number in this case is found to be +1, leading
to the mirror Chern number nM = +1 for HgS. There-
fore, we conclude that the mirror Chern number for HgS
is opposite to that for HgTe. The above argument also
suggests that one can identify the mirror Chern number
by looking at the difference of total angular momenta
between two inverted bands with the mirror parity +i.
The above discussions have explicitly shown that HgTe
and HgS have opposite helicities of spin textures, as
well as opposite mirror Chern numbers. This naturally
leads to the question: is there any relationship between
spin textures and mirror Chern numbers in these two
systems? Since the mirror symmetry Mz is also pre-
served for a slab configuration, we may study the mir-
ror properties of TSSs at kz = 0. To simplify our dis-
cussion, we again consider the effective theory with the
basis |Γ6,± 12 〉 and |Γ8,± 32 〉 (|Γ7,± 12 〉) for HgTe (HgS).
4FIG. 4: (Color online) (a) Schematic of bulk band structure of HgTe and HgS in mirror parity +i subspace. The yellow dashed
lines denote Fermi energy. +1, -1 and 0 represent the Chern number for each band. (b-e), Mirror symmetry protected interface
gapless states for HgTe/HgS superlattice along different directions, θ = 45o, θ = 30o, θ = 15o and θ = 0o, respectively. Here
θ = tan−1( ky
kz
). Solid red and gray dashed lines indicate the top and bottom interfacial states, respectively. To make the
gapless nature of interfacial states clear, we adjust some parameters for the Kane model in our calculation, which should not
affect topological natures.
In the subspace with the mirror parity +i, the TSSs
for HgTe (HgS) can be written in the form |Ψ+i〉 =
α1|Γ6, 12 〉 + α2|Γ8, 32 〉(|Γ7,− 12 〉), where αi are the coeffi-
cients of different orbital components. Correspondingly,
the expectation value of the z-direction spin operator
Sz =
~
2σz can be calculated as 〈Ψ+i|Sz|Ψ+i〉 = ~2 |α1|2 +
~
2 |α2|2(~2 13 |α2|2) for HgTe(HgS). Similar calculation can
be applied to the subspace with the mirror parity −i,
leading to 〈Ψ−i|Sz|Ψ−i〉 = −~2 |α1|2 − ~2 |α2|2(−~2 13 |α2|2),
where |Ψ−i〉 = α1|Γ6,− 12 〉 + α2|Γ8,− 32 〉(|Γ7, 12 〉) for
HgTe(HgS) (Here we ignore |Γ8,± 12 〉 bands because of
their negligible contribution to the TSSs as mentioned
above.). Therefore, this calculation demonstrates that
the spin orientation follows the mirror parity for both
HgTe and HgS. Once the relationship between spin ori-
entation and mirror parity is established, the helicity of
spin textures can be easily shown to be related to mirror
Chern number. Let us take the mirror parity +i sub-
space as an example, in which spin is oriented along the
positive z direction for both HgTe and HgS. However, in
this subspace, the Chern number, which determines the
velocity direction of gapless edge states at the boundary
of the x-y mirror plane, takes −1(+1) for HgTe(HgS).
Correspondingly, the up spin state is a left(right) mover
for HgTe(HgS) along y direction, which represents a left-
handed(right-handed) spin texture for HgTe(HgS). Thus,
the helicity of spin texture can be determined by mirror
Chern number for both HgTe and HgS.
A direct physical consequence of opposite mirror Chern
numbers in HgTe and HgS is the existence of robust
gapless states[11] at the interface between HgTe and
HgS once mirror symmetry is preserved in the hetero-
structure. To see this, we perform a numerical calculation
of a superlattice structure made of HgTe and HgS based
on the Kane model. The complexity of the interface is ne-
glected. As depicted in Fig. 4(b-e), the gapless interface
states only survive along the direction k = (0, ky, 0) and
k = (0, 0, kz) (Fig. 4(e)), which correspond to the mirror
symmetric planes (011¯) and (011), while interface states
are gaped along other directions due to the breaking of
mirror symmetry (Fig. 4(b-d)).
Conclusion and Discussion - In conclusion, we have
shown opposite spin textures of TSSs and also oppo-
site mirror Chern numbers between HgTe (with appro-
priate strain) and HgS. Experimentally, one could use
spin-resolved angle-resolved photoemission spectroscopy
(ARPES) [23–28] to test spin textures for HgTe and HgS.
It has also been proposed that the opposite mirror Chern
numbers will lead to a unique feature in the reflectance
and transmittance with normal incident electrons[11].
One remaining question is that why HgS has opposite
sign of the SOC parameter ∆so. For the pure p-orbital,
one can easily show that with the atomic SOC, the S = 32
states (such as Γ8 bands) are always above the S =
1
2
states (such as Γ7 bands). The unique feature of HgS
is the strong hybridization between the S-3p and Hg-5d
orbitals near the Fermi surface[29–31]. Due to the low
symmetry of zinc-blende structures, t2g states of Hg-5d
orbitals can contribute a large amount to the Γ7 state
through the p − d hybridization. As shown in Ref. 30,
5since the t2g states originate from the S = 52 states, the
corresponding Γ7 states are always above the Γ8 states
for d-orbitals, opposite to the case of p-orbitals. This
leads to the negative SOC parameters in HgS. This anal-
ysis suggests to search for right-handed topological ma-
terials in the TI materials with d-orbitals near the Fermi
energy. One can find HgS analogs among Heulser materi-
als [32–34], which can be treated as ternary counterparts
to zinc-blende compounds. For example, LiAuS-type of
half Heusler compounds were reported to be TIs with
negative SOC [31] and indeed found to exhibit the right
hand spin texture [35]. Additionally, the fact that many
d-orbital based compounds such as pyrochlores were dis-
covered as TIs or topological Mott insulators [36–38] in-
dicates possibly the existence of unusual spin textures in
such systems.
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6Appendix
Kane model
The 8-band Kane model in the bulk basis
|Γ6, 1/2〉 = |S〉| ↑〉
|Γ6,−1/2〉 = |S〉| ↓〉
|Γ8, 3/2〉 = − 1√
2
|X + iY 〉| ↑〉
|Γ8, 1/2〉 = 1√
6
(2|Z〉| ↑〉 − |X + iY 〉| ↓〉
|Γ8,−1/2〉 = 1√
6
(2|Z〉| ↓〉+ |X − iY 〉| ↑〉
|Γ8,−3/2〉 = 1√
2
|X − iY 〉| ↓〉
|Γ7, 1/2〉 = − 1√
3
(|Z〉| ↑〉+ |X + iY 〉| ↓〉
|Γ7,−1/2〉 = − 1√
3
(−|Z〉| ↓〉+ |X − iY 〉| ↑〉 (3)
can be written as
HKane =

T 0 − 1√
2
Pk+
√
2
3Pkz
1√
6
Pk− 0 − 1√3Pkz − 1√3Pk−
0 T 0 − 1√
6
Pk+
√
2
3Pkz
1√
2
Pk− − 1√3Pk+ 1√3Pkz
− 1√
2
Pk− 0 U + V − Vstr −S¯− R 0 1√2 S¯− −
√
2R√
2
3Pkz − 1√6Pk− −S¯
†
− U − V + Vstr C R
√
2V −
√
3
2 S˜−
1√
6
Pk+
√
2
3Pkz R
† C† U − V + Vstr S¯†+ −
√
3
2 S˜+ −
√
2V
0 1√
2
Pk+ 0 R
† S¯+ U + V − Vstr
√
2R† 1√
2
S¯+
− 1√
3
Pkz − 1√3Pk− 1√2 S¯
†
−
√
2V −
√
3
2 S˜
†
+
√
2R U −∆ C
− 1√
3
Pk+
1√
3
Pkz −
√
2
† −
√
3
2 S˜
†
− −
√
2V 1√
2
S¯†+ C
† U −∆

(4)
where
T = Ec(z) +
~2
2m0
[(2F + 1)k2|| + kz(2F + 1)kz]
U = Ev(z)− ~
2
2m0
(γ1k
2
|| + kzγ1kz)
V = − ~
2
2m0
(γ2k
2
|| − 2kzγ2kz)
R = − ~
2
2m0
(
√
3µk2+ −
√
3γ¯k2−)
S¯± = − ~
2
2m0
√
3k±({γ3, kz}+ [κ, kz])
S˜± = − ~
2
2m0
√
3k±({γ3, kz} − 1
3
[κ, kz])
C =
~2
2m0
k−[κ, kz]
Vstr = axx (5)
7Here γ1, γ2, γ3, γ¯ = (γ2+γ3)/2 and µ = (γ3−γ2)/2 are parameters depending on materials; a is related to deformation
potentials and xx is the strain tensor; {,} and [, ] are anticommutative and commutative operators. The bulk inversion
asymmetrical Hamiltonian is expressed as
HBIA =

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 − 12Ckk− Ckkz −
√
3
2 Ckk−
1
2
√
2
Ckk+
1√
2
Ckkz
0 0 − 12Ckk− 0
√
3
2 Ckk+ −Ckkz 0 −
√
3
2
√
2
Ckk+
0 0 Ckkz
√
3
2 Ckk− 0 − 12Ckk+
√
3
2
√
2
Ckk− 0
0 0 −
√
3
2 Ckk+ −Ckkz − 12Ckk− 0 1√2Ckkz − 12√2Ckk−
0 0 1
2
√
2
Ckk− 0
√
3
2
√
2
Ckk+
1√
2
Ckkz 0 0
0 0 1√
2
Ckkz −
√
3
2
√
2
Ckk− 0 − 12√2Ckk+ 0 0

(6)
where Ck depends on materials.
Parameters for the Kane model
The parameters for the 8-band Kane model are listed in Table I for HgS and HgTe. The strain we considered in this
paper is along x direction. The valence band offset between HgS and HgTe layers is about 90 meV. The parameters
for HgS are obtained by fitting the results of ab-initio calculation while parameters for HgTe are taken from Ref. 20.
Without changing topological nature, we adjust Eg = −0.503 eV and Vstr = −0.4 eV for HgTe.
TABLE I: The parameters of Kane model for HgS and HgTe.
Eg[eV] ∆so[eV] P[eV · A˚] γ1 γ2 γ3 κ Vstr[eV] F Ck
HgS -0.6042 -0.1078 1.2 0.3 0.08 0.01 0 0 0 -0.30
HgTe -0.503 1.08 8.46 4.1 0.5 1.3 -0.4 -0.4 0 -0.19
Mirror and spin operator along z direction
In the coordinate system described in the main text, the Kane model is invariant under the mirror operation Mz
along the z direction (MzHKane(kx, ky, kz)M−1z = HKane(kx, ky,−kz)). The mirror operator with respect to kz = 0
plane is denoted as Mz = C2 ⊗ i, where C2 is the two fold rotation operator along z axis and i is the inversion
operator. The mirror operator Mz in the basis expressed in Eq. 3 can be expressed as
Mz =

i 0 0 0 0 0 0 0
0 −i 0 0 0 0 0 0
0 0 i 0 0 0 0 0
0 0 0 −i 0 0 0 0
0 0 0 0 i 0 0 0
0 0 0 0 0 −i 0 0
0 0 0 0 0 0 −i 0
0 0 0 0 0 0 0 i

(7)
The mirror parity ±i for each basis could be viewed in this way. Take |Γ7,− 12 〉 = − 1√3 (−|Z〉| ↓〉 + |X − iY 〉| ↑〉 for
example. Under mirror symmetry operation Mz = C2 ⊗ i = ei∗pi/2∗σz ⊗ i = iσz ⊗ i, | ↑〉 is transformed to +i| ↑〉, | ↓〉
→ −i| ↓〉, X(Y) → X(Y), Z → -Z. All these transformations lead |Γ7,− 12 〉 to +i|Γ7,− 12 〉. Thus, the mirror operator
matrix element in the basis |Γ7,− 12 〉 would be +i. In a similar way, one can show that the states |Γ6, 12 〉, |Γ8, 32 〉 and|Γ8,− 12 〉 have mirror parity +i, while the other basis have mirror parity −i.
8The spin operator along the z direction reads
Sz =
~
2

1 0 0 0 0 0 0 0
0 −1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1/3 0 0 −2√2/3 0
0 0 0 0 −1/3 0 0 −2√2/3
0 0 0 0 0 −1 0 0
0 0 −2√2/3 0 0 0 −1/3 0
0 0 0 −2√2/3 0 0 0 1/3

(8)
For a state Ψ, spin orientation is calculated by < Ψ|Sz|Ψ >. In the main text, we have shown that spin orientation
always follows mirror parity for both HgTe and HgS. This is true for any system described by the Kane model, as
shown in Fig. 3(a), in which orbital-resolved (s or p orbital) spin textures are the same as the total spin texture. In
a general case, orbital-resolved spin textures might be different for different orbitals. In this case, one can easily see
that s-orbital-resolved spin texture should follow mirror parity since no orbital angular momentum is involved for s
orbital. For the p orbital, mirror parity is determined by the combination of spin and orbital components. Therefore,
one can use s-orbital-resolved spin texture to determine mirror parity.
Mirror Chern number
The original effective four band model for HgTe on kx − ky plane, which is expressed in the basis of |Γ6,±1/2〉 and
|Γ8,∓3/2〉, can be written as
HHgTe =

T 0 − 1√
2
Pk+ 0
0 T 0 1√
2
Pk−
− 1√
2
Pk− 0 U − V + str 0
0 1√
2
Pk+ 0 U − V + Vstr
 (9)
The mirror operator with respect to z direction in above basis takes form
Mz =

i 0 0 0
0 −i 0 0
0 0 i 0
0 0 0 −i
 (10)
Since the mirror operator commutes with the 4-band effective Hamiltonian(with kz = 0), we could diagonalize the 4-
band effective Hamiltonian of HgTe, as a consequence, by selecting the following common eigenvectors: 12 (1, 0, 0, 0)
T
and 12 (0, 0, 1, 0)
T with mirror eigenvalue i; 12 (0, 1, 0, 0)
T and 12 (0, 0, 0, 1)
T with mirror eigenvalue −i. In the basis
above, the effective Hamiltonian of HgTe can be expressed in a block diagonal matrix, which reads
HHgTe =

T − 1√
2
Pk+ 0 0
− 1√
2
Pk− U − V + Vstr 0
0 0 T 1√
2
Pk−
0 0 1√
2
Pk+ U − V + Vstr
 (11)
The first block owns mirror eigenvalue +i while the second block has mirror eigenvalue −i. The block Hamiltonian
could be further written in a more compact way: H4,HgTe =
T+U¯
2 τ0⊗σ0 + T−U¯2 τz⊗σ0− 1√2Pkxτz⊗σx+ 1√2Pkyτ0⊗σy,
where U¯ ≡ U − V + Vstr. One could determine the chirality by checking the winding number for each block[22],
nxy =
∫
BZ
d2k
4pi
dˆ · ( ∂dˆ
∂kx
× ∂dˆ
∂ky
) (12)
9where dˆ = 1|d| (dx, dy, dz) and dˆ = (−(+) 1√2Pkx,− 1√2Pky,+(−)T−U¯2 ) for fist(second) block. We obtain that the
winding number of the first block is n+i = −1 while the winding number for the second block is n−i = 1. Thus, the
mirror Chern number for HgTe is nM (HgTe) ≡ 12 (n+i − n−i) = −1.
Similarly, an effective 4-band model, in the basis of |Γ6 ± 1/2〉 and |Γ7 ± 1/2〉, can well describe the bulk property
of HgS. It takes form
HHgS =

T 0 − 1√
3
Pkz − 1√3Pk−
0 T − 1√
3
Pk+
1√
3
Pkz
− 1√
3
Pkz − 1√3Pk− U −∆so 0
− 1√
3
Pk+
1√
3
Pkz 0 U −∆so
 (13)
The mirror operator with respect to z direction in the above basis is expressed as
Mz =

i 0 0 0
0 −i 0 0
0 0 −i 0
0 0 0 i
 (14)
Similarly, we could diagonalize the 4-band effective Hamiltonian of HgS for kx − ky plane in momentum space by
selecting the following common eigenvectors: 12 (1, 0, 0, 0)
T and 12 (0, 0, 0, 1)
T with mirror eigenvalue i; 12 (0, 1, 0, 0)
T
and 12 (0, 0, 1, 0)
T with mirror eigenvalue −i. In the basis above, the effective Hamiltonian of HgS can be expressed in
a block diagonal matrix, which reads
HHgS =

T − 1√
3
Pk− 0 0
− 1√
3
Pk+ U −∆so 0 0
0 0 T − 1√
3
Pk+
0 0 − 1√
3
Pk− U −∆so
 (15)
By a similar calculation, the winding number of the first block turns out to be n+i = 1 while the winding number
for the second block is n−i = −1. Thus, the mirror Chern number for HgS is nM (HgS) ≡ 12 (n+i − n−i) = 1.
